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PURPOSE:To prevent the malfunction by providing a protecting device including a switch element 
which is inserted between a signal line connecting two complementary transistor TR gates and a 
specific potential supply terminal and is controlled to be made conductive for nonconduction of gates. 
CONSTITUf ION:lf a positive excessive input signal is applied to a terminal 10 when CMOS gates 150 
and 160 are turned off and the circuit between an analog signal input/output terminal 10 and a 
common terminal 1 is in the non- connection state, source electrodes 112 and 121 of FET switches 
110 and 120 are pulled to a high positive potential together. The PN junction of the switch 110 is 
forward bias and a partial current flows to a supply voltage terminal VDD by a large positive signal. 
The absolute value of the voltage between the gate and the source exceeds a threshold voltage by the 
large positive signal to the source electrode 112 and the switch 1 10 is made conductive, and a current 
path is formed between the source electrode 112 and a drain electrode 113. However the potential of 
a terminal 102 does not rise because an FET 130 goes to the conductive state and is connected to an 
earth terminal, and FETs 150 and 160 are turned off as they are, and the excessive input signal does 
not reach the terminal 1 . 
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DESCRIPTION OF THE PRIOR ART 

Conventionally, a switch circuit used for a multiplexer inputting ,an 
analog signal formed on a monolithic integrated circuit is configured of a 
CMOS structure, in order to allow a wide voltage range of the analog signal 
input. For example, as shown in Fig. 4, the switch circuit is formed of 
pMOS FETs 150, 250,..., 50 connected to analog signal input/output 
terminals 10, 20,.. and having gates receiving the control signals 180, 280, 
n80 from a decoder circuit 2, and nMOSFETs 160, 260, n60 having 
gates receiving the control signals outputted from an inverters 170, 270, 
n70 receiving the respective control signals 180., 280,..., n80. Generally, for 
protection against static electricity, a protection device (not shown) formed of 
a diode and a resistor is provided to each input terminal. 

Fig. 5 is a schematic diagram showing an example of a conventional 
switch circuit in a multiplexer implemented on an integrated circuit shown 
in Fig. 4. 

PMOS FET switch 150 is formed in an n well 151 provided on a p 
type integrated circuit substrate 3, and an nMOSFET 160 is formed on the 
substrate 3. 

Now, it is assumed that a negative excessive input signal is applied 
as a noise under the condition that control signal 180 attains an H level to 
render pMOSFET 150 and nMOSFET 160 non -conductive for disconnecting 
the analog signal input terminal 10 from a common terminal 1, while control 
signal 280 attains an L level to render the pMOSFET switch 250 and 
nMOSFET 260 for connecting analog input terminal 20 and common 
terminal 1. In pMOSFET switch 150, the negative excess input signal is 
applied to a source electrodel52, and a gate electrode 155 is at the H level, 
and therefore, pMOSFET switch is not made conductive. In nMOSDFET 
switch 160, when the negative excess input signal is applied to a source 
electrode 161, a forward junction is formed with p type substrate 3, and a 
part of current flows into p type substrate 3 by the applied negative signal. 
NMOSFET switch 160 is kept non-conductive if the gate to source voltage 
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VGS is lower than the threshold voltage VTH when the gate voltage is at the 
L level or the ground voltage. However, the source electrode 161 attains a 
negative voltage, and VGS becomes greater than VTH regardless of the gate 
voltage at the ground voltage, and nMOSFET switch turns on to transfer the 
negative excess input signal to common terminal 1 to adversely effect the 
voltage level at the common terminal 1. When a positive excess input signal 
is applied to analog input terminal 10, in contrast, pMOSFET switch 150 
turns on, and similarly, adverse effect is exerted on the voltage at common 
terminall. 

In a conventional CMOS analog switch, a CMOS gate is inserted 
between two analog signal terminals such as analog signal input/output 
terminal and a common terminal. Therefore, there is a disadvantage that 
an excess voltage applied at analog signal input/output terminal might cause 
an erroneous operation. 

An object of the present invention is to provide a complementary 
analog switch with a protection device for preventing an erroneous operation 
due to an excess voltage. 

—omitted— 

EMBODIMENT 

Fig. 1 is a circuit diagram showing an first embodiment according to 
the present invention. Analog signal input/output terminals 10, 20, ... are 
connected to first terminals 101, 201,... of protection devices 100, 200 
according to the present invention, and MOSFET switches (150, 160), (250, 
260), ... to be protected have sources commonly connected and drains 
connected to each other to form CMOS gates, and the common source 
terminals are connected to second terminals 102, 202, ... of the protection 
devices 100, 200, .... In the switches to be protected, pMOSFET switches 
150, 250, have gates connected to control lines 180, 280, ...and nMOSFET 
switches 160, 260, ... have gates connected to control signal lines 190, 290, ... 
connected to inverters 170, 270, ... inverting the signals on control signal 
lines 180, 280, ...PMOSFET switches 110, 210, ... forming protection devices 
100, 200, ... have gates connected to control signal lines 180, 280, ... 
NMOSFET switches have gates connected to control lines 190, 290, ... 
PMOSFET switches 110, 210, ... have sources connected to respective 
sources of nMOSFET switches 120, 220, ...and to first terminals 101, 201, ... 
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of protection devices 100, 200, ... PMOSFET switches 110, 210, ... have 
drains connected to the respective drains of nMOSFET switches 120, 220, 
...and to second terminals 102, 202, ... of protection devices 100, 200, ... 
Third MOSFET switches or nMOSFET switches 130, 230, ... of protection 
devices 100, 200, ... are connected between second terminals 102, 202, ... and 
ground potential, and have gates connected to control signal lines 180, 280, 
... MOSFET switch pair (CMOS gate) to be protected (150, 160), (250,260), 
... have the common terminals connected together to common terminal 
(another analog signal terminal) 1. 

CMOS gates pairs (150, 160) and (250, 260) turn on concurrently, and 
nMOSFET switch turns on and off complementarily to CMOS gate pair (110, 
120). Therefore, when CMOS gates (150, 160) and (110, 120) are in an off 
state, second terminal 102 of protection device through low impedance to 
ground by the conductive MOSFET switch 130. When CMOS gates (150, 
160) and (110, 120) are in an on state, nMOSFET switch 130 is in an off state, 
and the analog input/output terminal 10 is connected to common terminal 1. 

Fig. 2 schematically shows the construction of the protection device 
implemented by an integrated circuit. 

It is assumed that a positive excess input signal is applied to analog 
input/output terminal 10 when CMOS gate (150, 160) are in the off state to 
disconnect analog input/output terminal 10 from common terminal 1. 
Source 121 of pMOSFET switch 110 and source 121 of nMOSFET switch 120 
are pulled to the large positive potential, and PN junction between n well 111 
of pMOSFET switch 110 and source 112 is forwardly biased, and a part of 
current flows power supply node VDD from well connection node 114 due to 
the large positive signal. In addition, pMOSFET switch 110 has the gate 
biased to power supply voltage through terminal 103 and should be in the off 
state, but turns conductive to form the current flowing path to the drain 
electrode 113 because the gate to source voltage VGS becomes greater in 
absolute than the threshold voltage VTH. In nMOSFET switch 120, it is 
different in conductivity type from pMOSFET switch 110, and does not cause 
any problem. The second terminal 102 connected to MOSFET switch pair 
(110, 120) is connected to ground through the conductive nMOSFET switch 
130, and has the voltage level not raised. Therefore, MOSFET switch pair 
(150, 160) is kept n on -conductive, to prevent the positive excess input signal 
from arriving at common terminal 1. 
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When a negative excess input signal is applied to analog 
input/output terminal 10, in contrast to the description as above, pMOSFET 
switch does not cause any problem. However, nMOSFET switch 120 has 
the junction between the source 121 and the substrate 3 forwardly biased to 
allow a part of current to flow from substrate grounding node 4, and turns 
conductive to form a current flowing path between the source 121 and drain 
122. However, the second terminal 102 is grounded through a low 
impedance by the conductive nMOSFET switch 130, and CMOS switch pair 
(150, 160) are kept n on -conductive, to prevent the negative excess input 
signal from arriving at common terminal 1. 

The second terminal 102 has the voltage level of the input excess 
input signal divided by the on-resistance of MOSFET switch 110 or 120 and 
the on-resistance of MOSFET switch 130, and the voltage level V102 at the 
second terminal 102 is represented as follows: 

for the positive excess input signal, 

V102 = VIN * R130/(R1 10 + R130), 

for the negative excess input signal, 

V102 = - VIN * R130/(R120 + R130), 
where VIN indicates the absolute value of the excess input signal voltage, 
R110, R120, and R130 indicate the on-resistances of switches 110, 120 and 
130, respectively. 

Thus, when an excess input signal is applied, the voltage level V102 
at the second terminal 102 is determined as described above, for either of the 
negative and positive excess input signal, and there is no problem if the on- 
resistance of nMOSFET switch 130 is appropriately small. 

In the embodiment shown in Fig. 1, the gate to source voltage VGS of 
MOSFET switch 150 or 160 can be made smaller in the case of the positive 
excess input signal, rather than in the case of the negative excess input 
signal, and therefore, the protection effect is great against the positive excess 
input signal. 

Fig. 3 shows a second embodiment according to the present invention. 
The configuration shown in Fig. 2 is substantially the same as the 
configuration of the first embodiment. However, the second terminals 102, 
202, ... of the protection devices 100, 200, ... are coupled to power supply 
VDD through pMOSFET switches 140, 240, in place of the nMOSFET 
switches 130, 230, ... connecting to ground. 
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According to such configuration, the operation similar to the 
operation in the first embodiment, but contrary to the first embodiment, the 
negative excess input signal, rather than the positive excess input signal can 
makes the gate to source voltage VGS of MOSFET switch smaller. The 
protection effect is made great against the negative excess input signal. 

The case is discussed in which complementary transistor gates are 
formed of a CMOS structure, however, it is apparent, even without detail 
description, that lateral bipolar transistors can be employed to achieve the 
same effect. 

As described above, according to the present invention, in the 
complementary analog switch, another complementary transistor gate is 
inserted, and a switching transistor having one end connected to power 
supply or ground. Therefore, a positive or negative excess input signal 
applied to input/output terminal (analog signal terminal) is prevented from 
being erroneously transmitted to another analog input signal, to 
advantageously prevent an erroneous operation of the complementary 
analog switch. 

In particular, when a sample and hold circuit is connected to another 
side of the analog switch circuit, even if an excess input signal is applied to 
input/output circuit in the off state of the analog switch during the holding 
state of the sample and hold circuit, the holding voltage is not never 
disturbed. 

In addition, in the case of a multiplexer having a plurality of analog 
switches having first ends connected together, even if an excess input signal 
is applied to a non-selected input/output terminal, there is no adverse 
influence on a selected switch. 

As described above, the present invention exhibits a great effect of 
preventing generation of an error upon application of an excess input voltage 
for an analog switch circuit used in combination with a sample and hold 
circuit or for an analog switch used in combination with a multiplexer. 

It is natural that an known static electricity protection, such as a 
current limiting resistance in the path from the input/output terminal to the 
protection device, may be combined. 

—omitted— 
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